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the Brief. Upon completion of a maior phase of the task, formal recommen
dations for offic ial actIon normally are conveyed to appropriate military
agencies by briefing or Disposition Form.
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FORE WO RD

Within the U . S .  Army Research Institute for the Behavioral and
Social Sciences (ARI), research in enhancing human performance by es-
tablishing the limits of sensory perception is an important facet of
the Human Factors in Tactical Operations Technical Area. Current re-
search emphasizes visual perception in night operations. Previous re—
search emphasizing auditory perception is reported in several recent
ARI Technical Papers. Technical Paper 295 discusses the comprehension
of time—compressed speech as a function of training. Technical Paper
296 repor ts a method for meas uri ng, through repeated judgments oT~~~~~~

~~~~~~~~~~Th lity, the maximum rate of speech understood by individual
listeners . This paper attempts to determine whether the method is a
measure of speech intelligibility or of comprehension . (A modified
version of the text was published in Perception & Psychophysics, 1977,
Vol. 22 (4), 366—672.)

Results of the work reported here , done under Army Project
2T161101A9].B, are applicable to a wide variety of situations. The
comprehensibility measures may be used whenever there is a need to
supplement traditional measures of intelligibility and comprehension
in the evaluation of the understanding of speech.

Te hrsical Director (Designate)
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A SPEECH-RATE INTE LLIGIBILITY/COMPREHENSIBILITY THRESHOLD FOR SPEEDED
AND TIME-COMPRESSED CONNECTED SPEECH

BRIEF

Requ irement:

The Army ’s cont inuing need for improvement of human communications
• in tactical environments has led to research relating the rap idity of

speech to its intel l igibi l i ty and comprehension . A previous study
(Technical Paper 296 ) described a threshold method for determining the

maximum rate of speech understood by an individual  listener. The pur-
pose of the present study is to determine the re la t ionship of this
speech rapidity threshold to the intelligibility and comprehensibility
of speech.

Procedure :

Two experiments were conducted to determine whether  the speech-
rate threshold is related to the intelligibility of speech or to speech
comprehension . The first experiment compared thresholds for two types
of time—compressed speech reportedly different in intelligibility :
(1) simple speeded speech produced by increasing the playback speed of
recorded speech, and (2 )  compressed speech produced by the sampling
method , which deletes minute sections of speech. The second experiment
investigated the relationship of the threshold to comprehension by
means of traditional multiple—choice comprehension measures.

Findings :

There were clear indications that compressed speech is more intel-
ligible than speeded speech. Thresholds for speeded and compressed
speech differed significantly (218 wpm vs. 266 wpm , respectively) , which
indicates that the threshold at least involves intelligibility. Corre-
lational analysis indicated little relationship between thresholds and
comprehension test scores. The conclusion , therefore , was that jud g-
ments of comprehensibility reflect an intermediate step in information
processing that involves the perception of potential for interpretation
or comprehension rather than comprehension per Se.
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Utilization of Findings:

The threshold may be used in a number of ways : (1) to supplement
such t r a d i t i o n a l  methods of ev a lu at it s j  the’ understartding of spoken

• language as i n t e l l i g i b i l i t y  and comprehension t t ~~;t  i i i q ; (.‘ )  to de te rmine
individua l d i f f e r e n c e s  in speech perception which may he r elated to
practica l skills in communication ; (3) to evaluate the q u a l i t y  ~i1
speech produced by devices such as speech compressors and speech syil-
thesizers .  Perhaps the threshold  may also be used to evaluate the
difficulty of recorded spoken materials and the  s y n ta c t i c  and sem a n t i c
variaoles that underlie difficulty.

____________________________________________________________________________ •
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A SPEECH-RATE INTELLIGIBILITY/CC~4PREHENSIBILITY
THRESHOLD FOR SPEEDED AND TIME-COM P RESSED

CONNECTED SPEECH

INTRODUCTION

Although the relationship of the intensity of speech to speech per-
ception has been extensively investigated , the relationship of rapidity
of speech to its perception has been less thoroughly explored . Recent
technolog ical advances have made it possible to reproduce speech at
rates well beyond the limits of human capacity to understand it and
have enabled investiga tors to explore the perception of rapid speech .
Such speech is known as time-compressed , or simply compressed , speech .
The simplest method of producing time-compressed speech is to increase
the speed of a playback device above the speed at which the speech was
originally recorded. This is sometimes referred to as the speed-changing

• method , and the speech so produced as speeded speech . This procedure
increases not only the rate of speech but its pitch as well , because
the frequency of the speech components varies directly with playback
speed .

Another method of producing time-compressed speech is the so-called
sampling method ; speech produced this way is usually referred to as
compressed speech . The groundwork for this type of speech compression
was laid by Miller and Licklider (1950), who found that interruptions
of speech at 10 or more times per second did not interfere with intel-
ligibility of a speech signal until relatively large amounts of the
signal were discarded . Subsequently , Garvey (1953) explored the ef-
fec ts of cutting out short segmen ts of a tape recording and physical ly
rejoining the remaining parts. The resulting speech was time—compressed
without the distortion in pitch. Fairbanks, Everitt, and Jaeger (1954)

• developed an electromechanical device to compress speech without the
cumbersome manual manipula tion used by Garvey , and more recently a
number of electronic devices have been developed to compress speech
by the sampling method. Such devices sample the speech signal at very
frequent intervals and discard a portion of each sample.

In investigations on the effects of the rapidity of speech , the
methods for the evaluation of speech have been extensions or applica-
tions of methods used for the evaluation of conventional speech ,
namely , the measurement of comprehension and the measurement of in-
tell igibility. The evaluation of compressed speech by these methods
was reviewed by Foulke and Sticht (1969). Co~nprehension measurement
is applied to speech materials of some length , such as connected dis—
course or free-running speech, and is obtained by asking questions
concerning the content of the materials , usually in the form of objec-
tive multiple-choice questionnaires. A frequent finding is that com-
prehension declines as the rate of speech increases. Foulke (1971)
and Foulke and Sticht (1969) reported that when comprehension of

1
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5 omprt ss& d .~~ ~~~ h l 5 t S i~;e~ ; i s m e t  i i red  , a ral i .1 d e l  in’’ in ~~,mi e ’t i t r i —
ston is  5 ’un~l Jt.x)ve a spec 5 h  rate of ~t ’ j ’r ox i m at e 1y  250 to . 15 words ~ er
m i n it  e i esi  s t  vt ci  t he w~ i J r a te  o t he • r t ; i no ]  pa . s ; t

i ~~~~~~ iu:;  met  h~~1 t~~~t evaluat 1is~ si~~ t ’ch , i n t e l  I i g i h i  l i t  v I , st  —

de i  ives t rois invest i q i t  ion :;  ci the ibi. l i t  v ci he i t  ci hone svst tm
to t ran :~mi t speech. The mct l i t .~ 1 has  b t t n  used i s , i n v e s t  i q at  e t h e  tn t e l i —
sive aspects ot audition , speci fi5 ’ti  1 , t he  j b i  l i t \ ’  of a person t o  h,sit
speech. In the a rt i c uli t i . : ;  t e S t , i n d iv i d u a l s  are  ; 1 t s t n t e d  w i t h  b r i e f

mcss iqt ’ :; i t  v a r y i n g  i ut  en :;  it  Ic:; — — i i s u a  I i  c i  nu 1 e words , but  occa 51 ona l i v
hr , t s t ; r : o r  sentences——and asked  t o repeat or cur roct ly i d e n t i f y
hem.  The t h i  c~~iio hi o t  intelligibility is defined is the intensity it

w i  L.~~~ 50% ci t h e  mater tai s so p re sen t ed  can be r ep r o d u c e d .  In  com-
i c  ss,sl speech research , s m i  lar procedure ; ;  h iv e  I t O  ii emp 1 eyed with
inq I.e w or d s  compressed in t ime . For example , ~. t m  ve ’~ ‘3) used t lie

~‘e r c e i it a q t  u t  ~~~~~p t t ’ s s t~~i words correct lv ident ified ~.s t i ; t  ~n dt  x of
i n t , l  I i q i b i  1 i t  v; C t l e i i o  and  I.as~~aroni (1~~h7) determir ed t he threshold
i :; ens i t  v requ i red for com~’l e s s e d  word  i d e n t  i f  I c i t  i o n ;  dnd Fou ike  ( l’~ °~
used r eac t  ion  t i me f o r  the  i d & n t  i f i cat toil of single compressed words
is an index of j u t  ci jig ibility .

The above 1:1, 1 :;od:; ot eva I s i t  i n q  l i t  c l i  iq i b m  1 i t  v i i  e con t m e d  t o
h i  t e t  sat  s r  t i l s;  t sore have bet :; , however , :5 Vt’I ii attempts to mea:;urs
the m~~t oil iqibili. t v ot s s st ’s t ; e s t ~d , r u n n i n g  speech iChaikl in , i*~~t ;
Dab 1 e , flume , & }Ias: ’i  ci , 1 ~~is ~~ ; Fa 1 cone i’ ‘~ P i v i s  , 1 ~47 ; Ha s~ ’ me l ~ Havens
i’ 1 t ’o ; H aw k in s  ~ Stevens , l’°s~ ; Ist ’~~ ik , Sicqt nt h i  l t ’r , s b i v i s  , l~)i ’ 4

~~‘o5iks , Parke r , Harris , ~ K uh i , 1 1 ; 2 )  . In  t h es e  s t u d ie s , lis teners
were a sk e d  t o a d j u s t  t h e  m t  en:; i t  of t i e  speech wit  ii  t hey could  ‘just
u n d e r s t a n d  it , or  some percent iqe of i t  . ~‘tai ;v of t h e  s t u d io s  used the

t c c l i i i  i ~p i s  t o dot  e r m i n e  speech h i t  ens i t  y t l i re  sho ids , and al 1 of
t h e m  we r c ~‘o n 5 s  i ned w i t h  t lie i n tet i s  i t  y o t the a U d i t  cry  Si  ;una  1 required
0i u n d e r s t a n d i n g  spet ’c h

D e sp i te  t he precisi i r i g  work , a t h re sho ld  method for  de t e r m i n in g
the maximum rate of speech un~1e rs t ood by an i iid i v i  dua l based on var  i a—
t ion s  in  the r a t e  of speech has not  been a v a i l a b l e .  C o n s e q u e n t l y ,  a
sim p le  , direc t , t ’ sv t ’hol’hy si cal t hresho Id method was leve l  oped , modi .1
at t or  t h e  au tonuted  t h r e s h o l d  t e c h n i q u e  of B~ késy (1 ~47 ) for  det e rmi  ia—

• t i ci: of the . in i i t  o rv  th  re slio id . The sub jec t  is  i e .~t t i red t o i e s~ ‘otid t o
and con t  t o !  the changing r .it c o t speech in ord er t o b r a c ks ’ t a t hr e su iold
o t unders and i uig . Intens it v i s not v a r i e d .  Al 1 st i nni i i  i r e  sup ra  1 imi nal
in m t  ensi v and only the rap idi ty of speech is v ar i e d .

The met l io~I assumes t hat as speech become:; p m cures;; i Vt ’ ly more rapid
a p o i n t  i s  u ’ t ’ .i l ; t d where the individua l can no longer understand it.
A c ,or 1 m g I 5  , ci at tempt is made t o determine t h i s  po l i t  by a t h i  esliol d

~ ct i : i  i ~ ue . The t ask :;t t for the 1 i st  ener is e s s e u it  j a i l  y a perceptua l
on~ ‘ : lie nius t p er - ce’ ive t he p o i n t  at which he f a i l s  t o  u n d e r s t a n d  speech
is i t i a p i  d i t  v i nci’ e a  Sc;;. Lit t le pub i i  st ied cv i do ce OX i St ii t h a t  r a t  e

:;pet c h pci sept ion is a var t a b l e  wh i ch obey:; t h e  same p sychop h y s ic a l

L 
2
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re la t ionships  a~ other perceptual  v a r i a b le s ,  a l t h o ugh  Hut ton  ( 1955) ,
using qu i t e  b r i e f  s t i m u l u s  ma te ri a l s  ( r a n g i n g  from 8.0 to 47 .ts see i i i
du ra t ion) ,  found t l i5 i t  perceived word rate was 1 l o g a ri t h m i c  f u n c t i on
of measured r a t e .

Both in t. e l l  iq i b i  I i ty  and comprehension mea~;urem ciiti  s -out I ibut ed t o
the  conceptual  isa t  i on of I l ie I l ir esliold of understand  i nig  . Foulke  and
St icht  ‘S ( I  969) cOi l s, l i tsion t ha t  a more r a p i d  d e cl i ne  in compi’ h o t ; : ;  ion
occur s above 275 words per m i n u te  i m p l i e d  some sort of threshold ot

• comprehension . Carver (1973a)  f u r n i s h e d  odd i t  ional  support f o r  a corn—
• prehension I h reshold by d e r i v i ng  a so—cal led d u r a t i o n  measure  lsi:;ed on

secoiids per word instead of words per m i n u t e .  Thresholds  are w e l l  known
ii i  i n t e l l ig i b i l i t y  t est i n g . ;.irvey ( 195 1)  cone l uded t h a t  comprt ’sned
speech was more i n t e l l i g i b le  t h a n  speeded speech by determining t h e i n —

- 
• t e l li qib i I i t y  of s in g l eS words by means of t h e  a r t  i c u l a t  ion t e:;t . As

• - described e a r l  i i ’  r , min imum loudnit ’:; u t hr esho 1 du ;  f o r  unders  I aud i n i ; j  con—
ne c I. ‘d speech , i nc I m d  i n s j  speech—B~~késy mo t h  ted:; , a I so have been sieve 1o~ ted

Because a threshold is i m p l i e d  i n  hot h i j u t  i’ 11 ig i bi I i  ty and compre ’—
li ens ion measurement , i q u e s t  ion • l1’ OSt ’  as t i i  wb ichi of I l m c ’n e  construct

• i: ; measured by the present t hr e s h o l d .  The I ) u m ’ p s ) ; ( ’ of the present w o r k ,
thie r s ’fcre , was t o  dot ermine  whet her the t hr e : ;h i o l d  wos rel ,tt ot t  t o  t lie
comp r e h m en i : ; i o n  ci speech or t o  speech i n t e i l iq i b i  I i t T y .  ‘l’s ; ,t ; s ;; ul t l i sh
th is  , two t ’xper irnoni t ,  I~ Wet e per formed . The f i t : ;  I cent si i cti I I ns ’ nhi o  I t I n
for two I ypes of cent rt’:;ses,I 

~ 
teech i  p r e v i o u s l y  ropor ted t o  d i i  t ’ t ’ n  i n

lu t e  l i i  s; ibi ii ty : ;; i m p  I c  speeded :;pet ’ehi produced by t he speod—t li5ni sq t nig

method arid compressed ;h s ’ech i  I)roducetl by the sam ~sl L u g met hod . At t lit’
same t ime , t he e f f e c t  of t o u r  d i  t ’ f i . ’r e t ;t  m a q i i i t i n d e s  of r a t e  ci change
of :;pet ’ch speed (.u; ’ct ’  I era I i wi—deco I t ’r , i t  i on) was :; t u d  . ‘~h~ ; ;ecot is t
e x p e r i m e n t  prOSe ti led :;t’vera I :;peechi pas:;sige;i comp;sso;ed by dt I t o  t e n t
amounts s t i l t !  dote rmi ned s omj r e h i i ’ u i :  i t  on i i i  th e’ I Si : ; :  ; ,Is 1( ’s  by sh t l t S ; t  i ou i i ia  i res
The ri’ I at i oii: ;h i ip of t tie t- hr e s h m c  Id dote i-rn i i i 0 t  i on ; : ;  t o  compre lion ;;; on
measures was St udied .

METHOD

Exj~erimeri t 1

Met lied

Part_icipanit s . Young military en; l i s t  ed t w ’ m ’ ;;~~t ; u s e  1 W i t h  apt  it t i t l e
te : ;t  st ore ,; of i t  I ea , ; t  110 (Al’QT ) and no kt iowii h i t ’ a n ’  i n i si dot  eel :; p i t  —

I i ci pat e d  i n  I in’ rew’, ir e b i .  T h in  y — t w e  i u m i h i v i d u a l s , i n c l u d i ng  25 malt’:;
and 7 I emo I o : ; , w e re  ,is:; iqned rau idoml  y t ;~ 5) 11111 i’ n ’l ;5i I ,ins ed o i s t , ’  I :; I c I s ’
described l a t e r .

• 
— 
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St imulus Materials. ‘rite st imul us mater ia is WC1 t’ SC’! t’s ’t  i’d f rom
“Talk j ug Book s , ” tape ne’s,’or s i t  liSp ; prepared at the  Library of Congress,
Divis ion  t o t  the  Hi iu ;d and P h y s i ca l l y  Handicapped . The ; , t ’  he ’ s ’t t ’sl i t ’
s ’on ’sl inys  consis ted of passages from a book e t It ist or i cal  Isn’t ra its
The Proud Towe r by Barb ara  Tuchma n ( I 9 n n )  , cad aloud by a f ema le’  voi ce
.it the average tat e of I 21 ’ words pen m i n u t e  (wpm ) a n n s h  t’ es ’s s rde d at  a
ape’ speed t ) t  1 . / h i n .  ~ si ’; (9. ‘ .1’ s cm ,’ see) F i sj ti I pas ;s,’ t t j & ’; ; W eie ’  U iit ’ sl

for  t he  t hresito Id de’termi nat  j olts .

Apparatus. A Crown (HOt )  ;i t ’t’  Li ’S)  v an  i ab l  i ’— s p e ’od tape i e s ’s , ;nde i  was
• used to reproduce speech. T h i s  t t ’s,’en ’den , t o sj t ’t l i en’  w i t h  a ~I seed cent  no I

L 5levtce  (Ciown VSD—S ) t r x iu ce d  I ime ’—compressed spet ’ s ’h b y t he st t t ’i s l —
ch anej  lug method (speeded spe;es’lt) . An AniBiChro,i (ABC ) :;pt ’es h compressor
( Koc h , 1974) was used in con ti n is ’t io u w i t  Ii t lie ’ aix ’vi ’  ts~ et ipment t e

dtis ’t.’ t tmt ’—c ompressed speech by t h e  sampi iu t q  method (compressed speech)
The Am8iChron con qt n  t’ssor samples speech , w r i t  t’; ; t h i t ’  s i g n a l  i i t t  e 1 t em—
por’ary memory , and i cods the sIgma 1 f rom meme n ’y a t  a tat t ’  t h at  may i t t ’

d m 1  t t ’ L t ’ n i t  f rom the  w i - i t  ing r a t e . ‘l’ite r a t e  of W r i t  t u g  i n t o  memory i s

~1i re’s’t ly  proport  ionta 1 t o  t h e  tape trauispoit spt’t’ l (wit  i s i ;  i t ’t en s I
speed el t h e  Crow n t apt ’ r e co rde r )  . ‘l’he t oa d— stin t rate is & ‘enis t  a l i t  . Ii;
e t fo o t  , compress ion di scords  br m e t  segments of t h i t ’ spot ’ cli s iqu ta 1 , w h i l e ;
exparts ion repeats bi ief segments . This  tlt -’v ic t ’  1;i edii , ’ t ’ tl :qs i ’t ’ s h i  Wi t i t
n orma l t~ i t  oh despi I e’ s ’h t , t i ; s 1  j ug s}~ ’is1s

Bot ii the speed of  l iii ’ tape m’e’c e r d c ’r  and t he  t ’ i t c h  t ’onqst ’u i sa t  ton i  ‘ s t
the AmB i Cit ron wet e i ettiot ely  control it ’d by a t a t t e r  ,it ot y — f ab r  i cat i’d tie’ —
v ice ; . h o t  a i is of t hc i n s t r u m e n t a t i o n  are avail ,t i ’ I t ’ i ’ I : ;t ’wh i t ’  i t ’  (delloan

~ S d;  cm iderup) . The tIev ice provided t o t  an in it  Ia 1 st  an  t i nq speed an~l
constant  t a t  es of as ’s, ’ t ’  lerat ion and des , ’i’ lerat ion t hat were st’1e~~tt ’sl by
the ad tu st inent  of three potent j ome t ( ‘1;; . Potent  •iome t ~‘r st’ It i iiqs hod
previously  been cal  ibrat  e’d Ui U f l l t  s of t ime reqiii  red t o i  the  r a p i d i t y
s i t ’ spe’echi to double .

The v s ;it  age app I jed to t h i :  t ape t o~ -~~n t h t ’ t  by t h~’ tw it it s 1 circuits
wh t cit slot e m—rn t ned it s ‘ I i i  I he ;ipei ;tl s s t  the I apt’ n es ’ s i i  di ’ i and t Ito t’  i t  cit cOtfl —

1s t ’t ; SOt io n ;  ot the /\niB i t ’ii t e n , was si i : ;j t  1 ayi ’d on a sI ig it  a! Vt ’  It me’t en ansi
I eec! ~h t ~~i ii; permanent  l o in  on a t-. — j n . —wjd e ’  (l’ ’.24 ~tn) i t t  i~~’ ~‘hn t
(Atom to Accessories , Model SR ~2 t ) )  at 2 i i i .  ‘Si ’s ’ ( ‘ t .OH 5 r n  ‘~i ’c ) . Au iet  hi’ t

~~~ 

• I c tm  ot i n i f o rm a t  ion about momenit ary ~1tt’ed ~ t sl’t’e’ch 5 s ’i t l d  he t t a d  t rorn
d i q  i t  a! f req u e ncy  cs ’wit  en .  Al  1 ;;pt ’t ’ch ;  t api’s s ’ont t a t ned s ’ul t ’ chanit e  I

of a I , 000 — hlc  t out ’ i oceidesl at 3.75 in. si ’s ’ (1) . ‘t .’’’ ~‘m S t ’ s ’)  . As t h i t ’
:; p t ’t ’ sl of t h ; ’ t a t  ‘e vat  j o sh , t he f n t ’ s l u e n t t ’y s ’itanqeei pI ~‘~~s ‘t t t onto  I t ’ !  y in t l

I i i : ;  in  fo rmat ion was ti i sp  I ayed eu the t i t s  m o n t  -y s oil ;;  t t ’i

Add i t  iona 1 equipment in t o ! udt’d .i small s ’ t ’ n t t  i ci box whi oh e’nal ; It ’s!
t he i ntdi vidual part icipantt t t ’  set I ho I l i t  i l l s  i t  ‘j anti t at t’ i t t  ~p~ t ’s ’hi ( t he
lot  I t’t was i nas ’t i va t  ed slut ’ in s !  th e  e x h ’ t ’l mont t’~ 

st ~’et ) , a t’aii s ; t  ; i  anon;—
• St o il ier  h ; t ’ n h 1’ bis s ;i t ’s  ( ‘r t ’ l t ’ i sh t o n ic ; ; , ‘l’t ;ih 1’) ) , and a ; t  , i n o n t — S t  ,id L t ’ i  and i enut ’t ,‘n

sw i t  oh USed to ;e ’ I t ’ct  c i t  h i t ’ m  a ’ s ’ t ’ l o t ~~ t i s l i l  on ,le~’e l o t o t  (c i i i . Th e’ t a t  os

of ,i t ’ct’  l i ’ra t , i on 5tn&t ~h ,~s t ’  h e ’ n ,;t i on ;  W e l t ’  se lec t  oil by }‘s’t t ’n ;t  i ome t i ’ I  set t l i s t ’ ’
i t  2 . 1 , .1. 2 , 8 . 1 , autd i t ’ . H wpnm , sec t o t  I lie I sf11’ t ’X~f ’n  m ot i f a I t . tt  t o ;  s ’ t

4
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These v’t I m i t ’ ’ ;  represented nat es at’ wh icli ;;I te c ’c ’h t  wou ld  ch ian ; ’j e
I t’om I Is’ normal r ot e  t o  double the normal t ,~it  o dut’ i n ’~ 5is’~~’t ’ b ra t  i t n t  ( s i t

V Lc e  Vt’ t ’~,1 du r i ng  shs ’ ’ ’t ’ l i i  .m t ion ) in  60 , 10 , I ‘
~ , and 7.5 ;o ’c ns ’npe ’ t ’t ivy ! y

Expei ~~ ;nt a1_ ,~~~~i n .  The I i  n st  I n tdeix ’n dont  variable was t It o type
of t t me—coniprcsscsl ;;~ i!’s’s ’)i . There were two I yjs ’:; , one’ et ’ wh L ou W as i ‘ i t ’ —

: ;cu i t  o t t  at each In ’ hi I . In t lie f i r s t  I ypt ’ , r a t  t’ and i i i  I c i t  were i i t t  en —

[OckiX! and both ~~‘re ilet erm i ~tt ’tl by t he speed of the  taps’ m t ’ s ’ t m m d e r  . Tb i
1 ;  speeded , sir  t ype S , ~~~‘es ’h. In t he si’ s ’tm n i t l  t YP° ~ i t oh Wa S liC’ Id s’oni—

u~tOnt w h i l e  rot e ot ’ :;~ns’c ’hi was var it’d . TI; i S i :; compressed , ci t  I yj s ’  C,

The second independent var lab lo was m i t . ’  ol s ’h t a t i q i ’  of st i t s i ~i ’Ii
of which thet’e We to fou r: 1 eve is. At t’,tt ’h I ii a 1 , speech w-a :; pre-

sen t eel at s mu t ’  s i t ’ four osi l iSt  ~a n n t  n o t  on of s ’Ii ,it i g.’ , .‘ . 1 , 4. .1, 0.4, s i F

13 wpm/se’t’ . Whet her it. was ,t i ’t ’o I t ’ n , i  I I n ig < i r  slect ’  h e  p’ ,’tt l u g i t  any q n Vt’  it

moment was sIet’ i ’fldel ;t , e lm the suit l s ’s ’t ‘ s i t~;;ht oui :;t5 .

The t W itm I ypO s of 4 ’t ;m i ’ t i ’:;sed speech w t ’ l c  c c t m i m i  rued wit It tIn’ I ,;;nn
rates ot change I s ’  y iv Ed e iqtit expel imeutta I s ’s t t i s h  it I sun Ufldc’ r wh i t ) t
t i t r e shi tmid s  we i t ’  det e r mim i t ’tl . Al I subj es ’t S W Ofl’ exposed to t ho o q b i t
t ’i~ id i t Ions , bitt order s i t ’ in  ,‘;;t ’u i  t ~ t i t m ~~ ; if  c’euisl i t  j ot; ;; d i t  I t ’ I t ’ s I . Sjss’t h t ’ si
and e ’onnp i t ’~~;;t ’d st t et ’c ’l t We nt ’ t m i’ ~ n eli t t ’sI s i l t  011 enitat e I t ’  I a I n ; Ito ii t hi ’ : ; m ; t  —

~os ’t :; rece we’d speed ed s j i t ’~~t ’h f i m t  , .‘tnd ha I f s ’ omt’n’ t ’snt’d :‘ i t t ’ i ’ ch i  t t i n t

The ol’s!et’ of t a t  e ot  change t’ond it  i c i i i : ;  Wa ;; p ar t  i a l l y  t ’ot l ti i e m ’tt ,t 1,i l i t  ‘t ’d
w i t h  h a l f  the ’ sub joct ii tei ’t ’ i V t t i s i  r a te  , if ’ 

~- t i , i t m g~’ s ’i m n ; s i i  I i t ’ll:; Hi  i t ; s ’ l t ’ , l s —

iu ;q s i t ’ s!!’ i’ , amid t he’ ci t  h em’  ha i t ’ t’ t’ s ’t ’ lvi l i st  t ’ 5i t ’  si t s ’h ;~i t i t 1t ’  cem nidi  t ion t : ;  l i t

stt ’ s’;’i’~’ising er s lt ’r  . This  y i e l d e d  four orders ot pi eS,’iit , i t  ion , to w h i i t ’ h m
sub ~t’ct wore n ouidoml y ansi sh ied , a;; it ’d lows :

( I )  C 2 . 1  S .‘ .! C 4 . 2  S 4 . 2  C 13 .4 5 13.4  i ’ I i .H SI~~.0
(.~ S 2 . 1  C 2 . 1  S 4 . 2  C 4 . .’ 5 8 . 4  C 1 .4 5 I ( ~ .0 ( ‘ h ( ’ . O
( 1 )  C16.B Sl6 .H C 11 .4 S 5 .4 C 4 .2  5 4 . 2  C ~ .l S
(4) 51t~.8 C l t i . 13 S 1 3. 4  C 8.4  S 4 . 2 C 4 . 2  S .‘ . l  C .‘. I

llt’c~~ii so of the t ’a l ’t  1.11 t ’e ; i t l i t  c i b a  I , t n i s ’ m g  shown above’ , t In’ t a c t  i i i ’  s i t

t r  i ~i1 s was not f tmi’ma I ly 5-ina I y.~esI

Procedur e. A f t  en t’es ’o (vi t i t i  a h i i t ’  I’ t ’ xp I .anat T t or t of ’ t h e  expe n i  mont
.~~ts ’It par t  I ci pant Wa’ : taken i n t o  t ho t’xpei’ iment .11 chambe,’ , I it ted w i t h ;
headphones , and preset;  t i ’ s! w i t !;  a nm.’m 11 s ’on ;t  i i i !  box w i t  ii t wo kuot is  , one
‘out r o l l  lit ! vol tmn ~ 5’ttid t h e  s i t  bet’ ,‘at e of ;;t i . st s d h i  . ‘hits’ I apt ’  i t ’ , ‘or5h’t was
turned on , m is! t lie i” u’ I i s ’ ipont W i : ;  inst  r iu ct  eu t o ad ju st  t iit ’ vol Chit ’ d i i i ;—

I t o ]  t o  h i : ;  own t ’t i m l s m t t ~i i i 1 . ’ I t  :;t o u t i n g  l eve l .

Then t h _  part ( t ~ I h la n t t was mode t ’ .im ‘i a r ’  w i t  h spc’eslvd . in nl  t ’t m f l t t t l , s : i , i , ~ ,t
:qt cs ’ s ’li . ‘rho ,‘xp.’t ’ ultent demount rat e’d I lie t ’ u u t s ’t ( s i t;  of f it s ’  t i t  i ’  knob by

tur n m g  it I i i  rough a no i t i t i ’  s i t  approximat ely 0. ‘ ‘ I ci . t i I iflk’S ltOt ’tn ,i 1
speed. The part i t ’l i’a~ t was t hen i t i n t  n ’uo t  et i I s i 151 Imi :5t the knob I s i  n o t

I ii.’ :gt i ’t ’ t t  at tu I en her  own ~‘ i i ’ I erone’e l eve l . T!;t’ name j ’ t  ~ “ s~ i i t t .~ w.a;;
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t eq*iat ed wi tim coiflprtt~~~tnt1 st’ s’t ’ s ’i i  . At I e’t s ’olfll ’ let  iou i t t  t i i i  : .I iou  I I alit i I —
t a t  tea t t e m l i  ~‘t s t s ’t’ si~~ i t’ , t it . ’ s ’ i t l t t  i i i i  Et t ix  Wi,. ‘~~‘t I s ’ s l U t ’ ‘ ‘is le ’  ~ n t , t  ( l i t ’ I . i t  t’

s ’stti t t o t  was inact ivat eel .

Pitt ’ 11am t it’ ipattt 11 W et t ’ t ht’ut u tt! tvt slU4 11 y i n t l  u s ’slus ’esl I s~ th is’ I lit r : , t i ,  ‘Id
task.. A pushibut tout sw it oh (c;r’asi ’un—St ad let’ .t m t s t  i st un . ’ t e’t SW i t  , ‘ht I wa’’ s t t ’l lK ’l i  —

st r at en! wit i l t ’  t ht.~ t ask Wds t ’x~ ’ 1.; i n t i s !  t o  t hem. ‘l’!mey wt’tt ’ t s ’l d  t ha t  t i ts ’
speech ~~ iu Ed slot l a st  t i  at it  etmat ica E l y  as 1 s tuisj an I lii’ but I o u t  was u i o t

p1 i’ n n t’d  ant e! t ha t  i t  wou ld ej et ls ’wot , t ’;  lon i ij  a ;; t i t s ’  hut t o n ;  wa ’ in
‘ I’ht ’y W O n . ’ l u i s t  t t t e ’ t s ’st t ci  ~‘t 05 :5 t he’ but t o u t  on ;;s’s’nt as i t  h i, ’ e ’ank ’ I sic ’
0 t inciet ’st ~ ut d ai t ui l e t  n o Ie ’an,’ I lit’ hut I out ~t ;~ ; ; c ’s ’ni  a:; I Itt~ ’ s ’ s ’ii I s ! utitlt ’ t st ~ isl

i t  a s J , t  L i i , , ‘ont  t i t t l i l i s I  I h i S  ~‘t os ’s ’nS Unit 1 1 st OI’I’t-fl i’~ t I t t ’ i ’X~’t ’ t  I tutt ’lt t t ’t .

Iltost }‘.It  I i s ’ I i¼iflt S , I t s ’ flK’L’ t,’ 1 u st i uc t  i s m i l  wa:~ I L I  t’sl , a I t  bought 0 1 oW I t ’ —

~~~ t t ’ s t  a i t ’~~’.’t  t t t e n t  au t ci t~inphta s i :~ o t sony’ pai l s’t t h i t ’  i n s t  I cu d to i l S . t ’~~, I t

i’ .au I i s ’ i i ~a nt t ‘ I iit ’~.lts ’ I ,h wa~ ct t ’ t t ’ t ’m iu t ee!  i ’ i st l i t  I i nmit ’;~, s ’ ; i t ’ I — m i t t  t h i  t . sh ; s ’ 1 s t

l it ’  C l ist . t~’t t’ 1 1111 ut ’s! utist t ’t i5ic ’Ii s~t I its ’ e’ is itI t s ’s’it ,i i t  I s ’l t :i  ~sI t’V I ~‘mt ; , iy ~t t ,
~~,’ ’ ’t

Result ~

R5jw ~l.it a Wet’ s’ I e ’s ’ s ’t ’ s j t ’ ej m um auto l oci term. ‘liii’ ut u me u ~‘ .i I i a  1 Ui ’:;

f its’ up~ltiz’ ,m nul L owe t’ b ’ e t t l t t  si t I li t ’ mi , ’twt chit  it t t ’ t ’ s t i  515 Wi ’t  5 ’ I t , t l i ’ ’s ’l  i lk’s! ,mnt ~l
111111 t i~ t h i  ~ ~~ i~~ 04 l e t  t ~‘a~~ t s ’ t l i t  v o lt as~e ’ I t ; I  0 W s ’ t  ,t:; ~‘eI ’ m i n t u t  i ’ . A l l

t i u  I hot auto 1ys i ‘ ;  was s tO it ~~ s i l t  t lt i s In a n t s  t o t  nie ’~t st ,tt a. ‘lilt ’ nn. ’ , m n i  5 ’t t ’a~’tt
t . ‘ 5 ’5 t t  sI t .‘pm e’..’iit tSl I Is ’ a t ’n s i t ut  o tb~’t;shoid , wi;t i t ’ t hi’ 5ti t l o u  t ’ uis ’ t ’ Ei~~t ~~‘i’nt
mt ’a nls s it t lie ui’i’e ’n . in ; , t  ls m w i ’t’ l t 5 ui l i t  :5 I (‘pu t ’St ’us t i s !  I i t t ’  ~l i t  t o t  , 11s ,’ I i tt t t ’ l t

l” is i mut ,‘ I ~‘t i’se’n t t s t im.’ t l i t  i’:; l i s i  I , !  st ,’it .i I si t i tm~ it hi ‘.i’et ’sle ’sI ~t nts l s ’s llll ’

m u  t ’ ’ ; ’ ; , ’sl ‘; i ’ t ’e ’s ’h .‘tt .‘,m, ’ht 1, 11 . ’ s t t  ,is ’s ’t ’ L t ’tat i s ’ n t ’ s t t ’ s ’ t ’ I t ’t , i t  io n ; .  ‘Phi.’ di t I t ’u —

~‘i ; , ’.’ I’t ’t we ’s ’:; t It. ’ t i ; u  t ’s h i s ’I s l : ,  f s ’t :; l’. ’este ’st si l l s ! s~s ’fli pt e ’n ’;e ’ sl ‘g’. ’ t ’~’lt i~~ c h . ’ , mt  i y
t’vi~l.’it t I it . ’ unbolt ia I n s ’ I o j  , ‘s tl n t l ’ i  , ‘n~~~t~ st  ;i 1i.’t’ s ’i; was ‘ t , ’ ’ .~~)I, w}’ut; w h i  1.,’ I h at
t s ’l ~ I” ’ ’’~~’~I :;l’e ’os ’ii Wa’ ’ ~‘1 

‘ . ‘ 5 wpumt . A u ; ,-inm ~~1 y: ; I s  s ’t V O l  t , i l t s ’e t in’ . ’ , il . ’si

4 ‘ ‘ i s i t s i  t t s ’ . l n t t  t ’ t  I t n t  s i t I VI’’’ ~‘t :;j’.’e ’cht e’OtUi’t t ’S ;5 t on i , I (1 , 251 101 . ‘14 ,

• i t  ‘ .01 . A I t  h t e tmtis j l t  l it. ’ c t l tVt ’S  i i i  i i  s~ ii t O 1 ‘i n  ‘w ~tu t ly  ~i ~t I t s)h tt i’l l  edt s~ t

I .115’ s ’t s ’ h t ~t n ’ i e ’ , I i t i n  t ’ t  t e s t W~ s s t  at  t n t  i s a !  l y  ‘ i s i t i i  I m s ’,in m t  , 1’ 1 , S ’I
.1. 013, p .01 . ‘I ’hte ’ i t i t  sO . t s ’ t  t O l l  i t t  1 ,t t  0 with 01 d e l  ot pm t ’n . ’ i t t  at  i s ’u i

h is iW t ’Vs ’ t , won a I :is i i s~~~ i t s ’O t i  t , f ’ ( 1 , 114) ii . .1 1 , p . 0!  . e ’s tml’ot ’ i ‘~~ ‘ i m
o t  t iie! i v  i~t t ia  I me ’aums by Tuk ey ‘ ‘; lISP t t ’nt i i ’Ve,C ti’s! t hot , wi; (is ’ m e a m m i ;  t o t

l iii ’ V~~t i s ’t l ; i  t a t  i’S t n t  l iii ’ s t t ’ s ’ t ’ t ’ O : %  m ist  5 i~ de l  ‘ I t  sf 1 1 ’  si t e!  i ;, t t  d m 1  t o t  • t h t t ’
mt’ann t o t  (hi.’ I Wit I ,t: ; t i ’S t t ’ 5it  i’s in  I lit ; t n i e ’ I t ’ , i S  i l t s J  sO s l ot  51 1 0111’ W. ’ t , ’
hi L s) hmt ’u I ba n ; I hat t i i i  t ltt’ I s iw e ’st  a t  t ’ , q (  .‘ , 1 1 2 )  1.1)2 . tu ts l  1 . 1’ ’ , u. ’

i i ’ . ’ l y ,  
~
‘ ‘~ .0’’. ‘l’h it;; s i ie . i ’ t  v,tt t s ’u ;  t n t s l t s ’ , m I  i ’~~ t I t ~*t l i i i ’  s I  i s i l i t  u t ‘s’

i t t  t his ’ s i l t  Vt ’S m U  i ’ m s p t i t  t ’ I s ’s i l i  L’s ’ u ’t’uitl ’ l.’t o I y ,l, ’5 ’5 ’it n ;t in!  I s~~l L’t’~’ t Itt’ i t t

s t  i ’s’ . ( l i i i  s ’ l s j i ’ I  s i t  }‘~ o5t ’ l t t  ,it is il t .

‘1’hie ’ m e a n t  s l i t  t i ’t I ’Us ’O I imolt s • wit icli s ’s ’t s’npoumsl I o I t i e  amp ! I t  lIsle’ 01

I l ie ’ n at e ’— sw ( l i s t : ;  j t ’ ’ t hi ’ nit !’ t . ’ s ’I i i ~~s ‘ k: ; h i  l iii  o shem is! , an o sh~’.wii i Ii
t ’ i ’ t m i l  o 2 .mt e ’as ’ii t’. t t . ’ s ’ t  ,is ’s ’t ’ h t ’ l s i t  i s ’ n ; s!t ’s ’ . ’ l . ’l  , t t  i , ’ t t .  ‘I’lmt ’ ~ t It ’d  c i t

I ~~~~~ t t (  SI’t’ . ’ s ’t l t ’ t s ln l’u . ‘SS i , ’n ; ~ :; 5 * s i a i u t  t ’v t , h t ’n t t  • t ’ (I • .‘S ’) / 4 . 1 1 ’ ’ , 
~
‘ . Oh

l i t  c,’n t t  1 .1:11 I s ’  I lie’ u at  ht t ’n ;~iit,t l I .‘t t e s t s it u a t  t ’  i t t  s ’ h ; , * n i s ~.’ ont ( Ii. ’ ,il s :;s ’’

I t ut ,‘ ( h i t  , ‘ s h m ,  ‘ 1st , t i;s~ .ium ,i I ‘s ’,; ~~ i , ‘i’ s ’,t Ie ’~l , t  1i~~ t t t t t ’t ili t s ’esd ,‘ I I Os ’t , ‘t 1 0 1 . ’ ~~t

I:
L _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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chonjo on the difl.’rc’ntcu l imen , F ( 3 , 84) 3 7 0 . l t ~ , ~) - .01. Figure 2
indicate’s that the size of the’ difference limeit is roughly proportional
to the rate of change .

A greater increase in the difference limen for compressed versus
speeded speech also is shown in t ’igure 2 , and the a n a l y s i s  indicated  an
interaction of type of speech compression with rate of change , F(3 , 84)
= 43.’)2, p ‘- .01. Further analysis by means of Tukey ’s HSD revealed
that , while the differentos ’ between the pair  of means at the  slowest r a t e
was not significant , di f ferences  between the pair  of means at each of
the three higher rates were significant q (2, 112) Sn 4.17 , ‘).87 , and
19.00, respective ly , p < .01. Increasing order of presentation also

• yielded higher difference limens than did decreasing order of presenta-
tion , F ( l , 28) Sn 11.34, p ‘- .01, and there was an interaction between
ra te and orde r of presen tation , F(3 , 84) = 3. 2 0 , p < .05.

Experimen t 2

Method

Participants.  The same ind iv idua ls  who had par t ic ipated in Ex-
periment 1 participated in Experiment 2.

Stimulus Materials. Stimulus materials came from the same source
as those in Experimen t 1, bu t cons isted of d i f f e r e nt passages , seven in
al l , from The Proud Towe r. Comprehension tests on the content of these
passages had been prepared and standardized for use in another s tudy
( Lambert , Shields , Gade , ~ Dressel). These tests consisted of 10 multiple—
choice questions on each of the passages. Thir ty  ind iv idua ls  from the
larger standardization group of Army communication trainees had been
exposed to al l  seven passages. These 30 individuals comprise the stan-
dardized control group for the present stud y .  All  passages had been
presented to the con trol group at normal speed (136 wpm) .

For the experimen tal group, a tape was prepared of the seven pas-
sages compressed to the fol lowing rates, where x indica tes “times tI’ie
normal speech rate ’t ; l.50x (203 wpm), l.75x (249 wpm) , 2.OOx (284 wpm),
2.25x (306 wpm), 2.50x (330 wpnt), 2.75x (360 wpm), and 3.OOx (408 wpm) .

Apparatus. The same apparatus was used in Experiment 1 and Experi-
ment 2. The compressed speech tape was prepared with the AmBiChron speech
compressor , and reproduced by means of the Crown recorder at 3.75 in./sec
(9.525 cm/sec).

Procedure. Participants in Experiment 1 were given a 5- or 10-mm
rest period before being brought back to the laboratory to participa te
in Experiment 2. At this time , the purpose of the comprehension experi-
ment was explained to them. They were told that seven passages would be
presented to them , each of which would be faster than the preceding one,
the f i n a l  passages being extremely rapid. They were also told that a

9



mu It  ip i  e—ch o L,’s ’ tes t  would be 5admi ni  st t ’r s ’d  I ol low i rtq each ~‘.tssaqe i t ;
w h i c h  they would be e ’x j s t ’ s ’t i’d to answer a l l  quest ions . Passages wer e
t li eu ;  p rese t . :  ~‘d ont ~’ at ~t t i me , each f o i l  owed by 10 mu i t  i I’ I e— clio i Cs ’

toils . ‘l’~’ st 1 to I lOwt)d I l i t ’ passage }‘i ’e~~e n i t  ed at 1 . 5 x , Tes t 2 t he p as—
s~tqs ’ at I . 75x , ansi SO OLi , t h r o u g h  Test 7 fo l  lowing the  I’ ,m S S d sls ’  ,mt .Ox.

Resul t s

T5’tbl e I ‘ , i iow , ;  t h e  mean com~’r eIt e ’nis iOti I est  ~a’& ) ! ’s’S te’r bs ‘t in ~‘xp..’ r 1—
ms,’n i t  al and cots I n o  I q t  our s ;  I c i i  e’~~s,’h i ‘t t lie St ’Vs ’t i  ~~~~~~~~~~ s, t oqet t ie r  w i t  Ii

ln ’  domi’ l’s ’ s~ ;t  on i .i t t o  at  wh ich t’achi passage w5t s p res e n ted . The d i t  1 s ’ t —

‘t i t ’s ’S between ; the ( ‘XI  o r  imental  and contt rol groups are  .il so shio wut . These’
si i t t  0 t’ t ’ t i s ’s ’S we re found by nubt ract i nig s ’on t n o  1 qu siu~’ me ’auts f rom t he i t ’  t ’ —
S}’t’s ’I ~V e e’xpt’ r iment t  a I qr~’u~’ means . Consequent  ly , a pos i t  iv e  di  i t  s ’i’ Ot lc ’t ’

t n . l i . ’ , t t  i ’s t h a t  t he’ e’xIie t’ L m ont  ~m 1 group was s u p e r i o r  to tbt,i t 01 t he ’ sent u s ’ l
q n’ . ‘u~ ‘ , w hi t  1. ’ a t i o s i , i t  I Ve d if f e ’r e ’nice’ m d i  ~‘a t es I ha t  the ex~ ‘or imet t t  a 1 ; t  - -

was in f er  j ot  I o t h e  dciii t t e l  group

F’ iqu ic I ~‘roser t  t the group  means of the exper i m e’n it a l  and cent  n ~‘I
groups , as w e l l  as the d i f fe r e n c e  bet We’en t he  r s ’s}’s ’c ’t ive means w i t  bout
t s ”j , m i  d to the’ i qn of the di  f t c  ren;co . It  may lie observed that  compre-
hension ot  t he  exper imenta l  group 5’le’cro,t se’d as the ’ compression i at  io i n —
c ’n  s ’ ,iss ’sl , but that  mean comp rehensiot; scores of s ’or t , l j n’ n of the tests in
the  count rol group were lower than  that  of o thers , espec ia l ly  Test Ii . In

• q ’neral , com~’rehents ion scores of the exper imenta l  group were reduced
• r e l a t i v e  to the conit ro l  group as t h e  compression r a t i o  increased.

The comprehension I e ’st scores wer s ’ sub i ec te ’~d to a repeated measures
a na l y s is  of variance’ . Ex p e r i m e n t a l  and control group means wor e ’  si g n i  f i —
cant ly  d i f f e r e n t , F ( l , ts,l)  = 7.~~O , p .01. Tests were also a s ign i f i -
cant source of va r i a t ion , F ( 6 , 360) Sn 12 .51 , p ~

. .01 , as was the i n t e r a c t i o n
of tests wit!; conditions , F(ti , 3(sO) Sn 4 . 7 0 , p ‘- .01. A n a l y s i s  of variance
for  the s imple m a i n  e f f e c t s  of the exper imental  var iable  yielded the f o l —

• lowing values of F for Tests 1 and through 7 , respec t ive ly: 2 .36 , 2 .87 ,
1. 04 , 5 .37 , 12 .07 , 7 . l~

) , and 11 .92 .  The values for  Tests 5 , 6 , and 7
were s i q n i f i c an t  at the .01 leve l , F ( l , 6 0 ) ,  p .01, wh i le the value
for  Test 4 was s i g n i f i c a n t  at the .05 level , F ( l , 60), p . 05 . This

• indicates tha t  t i l t ’ e’xpt ’r imental  group exhib i ted  a s i q u t i f i c a n t l y  lower
degree of compreheuts ion ; than the control group when I he’ word ra te  reached
approximately 306 wpm .

Of pr imary in teres t was the correlation of the comprehension test
scores with the thresholds determi ned in Experiment I. Pearson product-
moment correlation c o e f f i c i e n t s  were obtained between; each of t h e  eight
threshold  conditions anid the seven comprehension tes ts .  The two highest
corre la t ions, .55 and .48 , respec t ive ly ,  were between each of the types
of speech at the slowest rate of change (2.1 wpm/sec) and the first com-
prehension test (1.5x norma l speed). In genera l , the other corre l a t i o ns
we’re quite low. This indicates that there is little relationship between

• thresholds and comprehension test scores in the present exper iment .

11)
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Reliabilities ot the compr t ’hvn t sion  t e st s  for  the  control group were
determined by Kuder -t~ic t t a r dso r t  Formula 20 and yie lded the fo l lowing  re-
l i a b i l i t y  c o e f f i ci en t s  fo r  Tests 1 through 7 , r e s p e c t i v e l y :  .56 , .55 ,
.66 , .b2 , • 7b , . 4 2 , and . 44 .  Undoubtedly the r e l a t i o n s h i p  bet ween
thresholds  and comprehension scores was somewhat a t t enua t ed  by these
moderate reliabilities.

DISCUSSION

This study was under taker ;  to de te rmine  the r e l a t ionsh ip  of the
threshold to t r a d i t i o n a l  psychology constructs  such as speech i r t t e l l i —
g i bi li t y  and comprehension . The resu l t s  of Experiment 1 support the
hypothesis  tha t  the threshold is a measure of i n t e l l i g i b i l i t y  for  con—
noc ted speech. Garvey ( 1953) compared the i n t e l l i g i b i l i t y  of s ingle
words compressed by the sampling method wi th  those compressed by the
speed—changing method and foun d a hi gher percentage of in t e l l i g i b i l i t y
f or those compressed by the sampl ing  method . This f i n d i n g  is in agree-
ment wi th  the resul ts  of the present experiment on connected speech ,
which  found a higher  threshold for compressed than  for  speeded speech .
The agreement is , in fac t , ra ther  close . In -i the present experiment ,

• the  thresholds for compressed speech and speeded speech are approximately
.‘ .l and 1.7 times the normal speech rate , respectively. Assuming that
the two types of speech are equivalent in  intelligibility at these rates ,
a comparison may be made with 0~’irvey ’s data for intelligibility of single• words. Garvey found t hat  approximately 95% of the compressed words were
i n t e l l i g i b l e  at 2 . 0  t imes the norma l speech rate , w h i l e  approximate ly
90% of the speeded words were i n t e l l i gible at 1. 7 t ime s the normal speech
rate.

The resul ts  of th is  experiment also indicated that , not only  was
compressed speech more in tel l igible than speeded speech , but changes in
the i n t e l l i g i b i l i t y  of compressed speech were more difficult to detect.
This may be the result of cues for p i tch  in t e rac t ing  w i t h  i n t e l l i g i b i l i t y
in the case of speeded speech in such a way that the detect ion of change
is made easier.

The results  of Experiment 2 do not support the hypothesis that  the
threshold is a measure of comprehension . Correlations between threshold

• values and t radi t ional  comp rehension test scores were generally low . In
view of the lack of relat ionship between the thresholds and trad itional
comprehension measures , one fact still demands explanation : The mean
value of the compressed speech threshold , approximately 265 wpm , is in
close agreement with the point at which Foulke and Sticht (1969) have
claimed that  comprehension f a l l s  o f f  r ap id ly ,  namely 250 to 275 wpm.
Although the work of Carver ( 1973a ) also supports the  notion of a threshold
in comprehension measurement , h is  dura t ion  measure (seconds per word )
placed the threshold at the equivalent  of 150 wpm , which does l i t t l e  to
explain the similarity of the present value to that of Foulke an-id St icht.

1 3
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Pr ior to the collect ion and a n a l y si s  of the  data , i t  was thought
that it might be possible to measure comprehe ’nsiont  by the t h re s h o l d
method . Never the less , d u r i n g  the  co l lec t ion  of the data , the  n e u t r a l
term “ understand” was used in  the  i n s t r u c t i o n s  r a t h e r  than n efe ’r en ice ’s
to “ comprehension ” or “ i n t e l l i g i b i l i t y ,” s ince  i t  seemed to  communica te
the task  to the  p a r t i c i p a n t s .  In ; re trospect , it  should be said t ha t
the condi t ions  of the  exper iment , p a r t  i cu l ar  ly r a tes  of ch ange w h i c h
involved potential doubling of the speech r a t e  in 7 .5 to CS ) HOc ’ , Opt ’ra
t i o n al l y  def ined  the concept and perhaps Precluded any ot her i n te ’r l ’r e t a -
t ion , in spi te  of d i f f e r i n g  connota t ions  of “unde r s t and”  w h i c h individuals
may have brought to the laboratory.

Deese (1969) has suggested that understanding is a valid psycho-
loqical construct. Schwartz , Sparkman;, and Deese (1970) found that
subjective judgments of the comprehens ib i l i ty  of isolated sentences
could be validated against structural complexity of the sentences or

• agains t  r eadab i l i ty  indices. Moreover , the work by Carver ( 1973a , 1973b) ,
was based on the percentage of thoughts in  a passage which a l i s t ene r
judged that he understood , Deese and his students believe that during
rapid reading , in te rmi t t en t  in terpre ta t ion  takes place ra ther  than the
f u ll  process necessary for comprehension . Although a person may not in-
terpret everything he read s or hears , he has a kind of monitoring device
which informs him that he has the ability to interpret it. Deese has
called this inward sign the “ fee l ing  of unde rstandi ng” which signals
comprehens i b i l i t y  rather than comprehension per Se. From all of the
foregoing , it must be concluded that  comprehens ib i l i ty  is an a l t e r n a t i v e
construct tha t  should be considered.

Which of these three alternatives is the threshold measuring? There
is evidence for i n t e l l i g i b i l i t y  and against comprehension . But wha t
about comprehensibility? The notion is intuitively appealing , the term
“understand” was used in the instruc tions to subjects, and comprehensi-
b i l i t y  would appear to be a construct in search of a measurement method .
Nevertheless , without independent evidence that the threshold is a measure’
of comprehensibility, it would seem that the most defensible interpreta-
tion of the threshold at present is that it is a measur e of in te l l ig i -
b i l i t y . Accordingly,  i t  may be referred  to as the “ threshold of
in te l l ig ib i l i ty  of rapid connected speech.” On the other hand , the term
“ speech—perception rap idi ty threshold” might  be preferable , s ince i t  is
descr iptive , theoretically neutral , and serves to d is t ingui sh tht’ thresh-
old f rom those based on loudness.

Beyond the theoretical considerations concerning the psychological
constructs underlying the threshold method , research should be directed
toward the variables to which the method may be sens i t ive. I t  has al-
ready been demonstrated that the method is sensitive to indiv idua l d i f -

• ferences: There is a wide range of variation in threshold values among
subjects . If the threshold method is a valid way of measuring the un-
derstanding of rapid speech , the implicat ion of this finding is that
group presentation of rapid auditory information is inappropriate.

14
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i~s’~’auss’ the t h r  esheld var L e s  t rem s ’lS per sell  t o  ,tno t  her , provisio n s
shou Id l’~- made to a l l  ow i iisl I V i  dU . Is to l i s t e n  at  t h ei r  own; r a t e s .

• Research s hou l d  i 1 so ic i i  oct t’d t oward i r ivest  i ~ . it i nq how vax’ i O i lS

c har a ct e r  i st  L L ’H ot  s pt ’t ’c Ii m a t e r i a l s  a f f e c t  the t h re s h o l d .  One w o u l d  cx—

• pect  t hat he t l r r e s i i~~ld m t 5 ; t i t  w e l l  v a r y  w i t h  t i n e  d i  f t  l c ’Ul ty e t i-q ’t ecin

m a t e r  c a l  • or even wit h svn t ~~~t I L ’ ~nd seman; t i s ’ v . rr  iab 1e~ u nt h’r l y in q  d i t

t icu it y . i t  mi g h t  be i’~’~~~ 
i bit’ to use the t h r e s l r o ld  t o de’tenn l l ie ’ the

• l i s t e n ab i l i t v  of auditory m a t e r ia l  tust es n~~a d a b i l r t v  of p r in t e d  mate-
r i a l  is d et e r mt n ;e d .

• The t i rr e s ho  Id methcxi may also be s e n s i t i v e  t o  t he q u a l i t y  of speech
• p roduced by speech compress ion; siev lot -s and speech s~~n t  bc ’S I ~ers . Should

t his prove to t’e t h e  case , one would oxpe’ct that t he’ 1st  t e r  the  qu a l i t y
of speech , the h i  sjher WOU I ci be the  t hr e s h o  Id  va l i n e s .  Thus , t he’ met hod
migh t  be Used t o evaluate’ and s ’slmpa X e ’ t ine  so de vic es .

I t  is assumed t h a t  t he  t h r e sh o l d  basica l  lv r e f l e c ts  some temporal
l i m i t  ~ t i n f o r mat i o n ;  processing . It  is  not present ly  known whether  t h i s
l imit i s  ~‘e~-u 1 i .tr to the auditory modality of w h e t h e r  more ce’n t r a l  pro—

ceSScS are involved.  Should the l a t t e r  prove to be true , rest-arc!; on
Cc)ml’ ressed speech may colts i derably  e leva te  the  status of list en; m g  as
compared with reading as a way of g a in i n g  i n f o r m a t i o n .
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